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Microbes: the Good, the Bad, and the Ugly
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Rhinovirus

(Common Cold)

E. Coli

Streptococcus
MRSA

Ebola

AnthraxTB

The carriers of disease…

…and makers of gourmet treats.

Source: giantmicrobes.com



Vast Biological Capabilities
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1. Catalytic capability

2. Materials synthesis with nanoscale 

precision

3. CO2 fixation & energy harvesting

4. Redox reaction of metals

5. Self-replication & self-repair

6. Complex self-assembly

(2, 6)

(1)

Mendes, A. et. al. Wiley Interdisciplinary Reviews: Nanomedicine and Nanobiotechnology 5, 582-612 (2013).

Adesina, O. et. al. Chem 2, 20-51 (2017).

Newman, T. et. al. Medical News Today (2018). <https://www.medicalnewstoday.com/articles/319704.php>



Engineering the “Cell Factory”
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Synthetic Biology allows for unprecedented control over cellular mechanisms and 

cellular products.

Biofuels

Pharmaceuticals

Specialty Chemicals

Commercialized Syn. Bio. Products

Hutchison, C. et al. Science 351, aad6253-aad6253 (2016).
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Can synthetic biology help us generate materials, 

structures, and processes that were previously thought 

impractical or even impossible with biology?



Synthetic Biology Enables New Processes
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Low-value items, aka Universal 

Waste Electronic Devices, lose 

worth when oil prices drop as 

they are difficult to re-sell as 

commodities.

Keyboards, CRT 

TVs, printers,

microwaves, 

scanners, etc. 

Problem: Can we make recycling waste electronic materials practical?

PHOTOGRAPH BY ZORAN MILICH, GETTY IMAGES

The US produced 6.3 million metric tons of electronic waste in 2016.

80% of e-waste is discarded in landfills or incinerated.

Recovering the metal from 100,000 phones would yield 5.3 

pounds of gold, >1,984 pounds of copper, 55 pounds of silver.

https://news.nationalgeographic.com/2017/12/e-waste-monitor-report-glut/



Synthetic Biology to Enable New Processes
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Opportunity: Can we make recycling waste electronic materials practical?

ELECTRONIC

WASTE

METAL

BIOLEACHING
Solubilizing metal 

via oxidation

Synthetic 

microbe
METAL

BIOREDUCTION
Metal recovery 

via reduction

RECOVERED METALS
Precious, Rare Earth, Abundant

USING SYNETHIC BIOLOGY TO RECOVER
MATERIALS FROM ELECTRONIC WASTE

RECOVERED

or UPCYCLED 

PLASTICS

LANDFILL

BIOREMEDIATION 

http://news.nus.edu.sg/highlights/recovering-precious-metals-e-waste
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Nanoscale manufacturing precision and self-assembly:

Opportunity: Can we make complex, self-repairing, 

nanodevices outside an energy intensive cleanroom?

Chow, D. et al. Materials Today 8, 30-39 (2005).

DNA Lattices

Bio-mediated nanowire self-assembly

Synthetic Biology Enables New Devices



Synthetic Biology Enables New Materials and Structures
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Opportunity: Can we make ultra-cheap, high performance, tailored membranes?

Nguyen, P. Biochemical Society Transactions 45, 585-597 (2017).

Nguyen, P. et. al. Nature Communications 5, 4945 (2014).



Opportunities in Membrane-based Separations 
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Sholl, D. & Lively, R. Nature 532, 435-437 (2016).

PHOTOGRAPH BY EMORY KRISTOF, NATIONAL GEOGRAPHIC

https://sciworthy.com/caves-host-gooey-biofilms-built-by-methane-eating-bacteria/

Duncan Usher/Minden Pictures/Corbis

Extremely Acidic Cave Biofilms

High Pressure Biofilms

High Temperature Biofilms

- Separation processes account for 

16% of total U.S. energy 

consumption.

- Half of separations is distillation.

- 90% energy savings by replacing 

distillation with membrane-based 

separation → 7 Quads saved

Barriers for membrane use:
- High cost

- Tolerance of harsh conditions 

(T, P, pH)

- Fouling

- Poor Selectivity



What breakthroughs need to happen?
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What innovations are necessary for synthetic biology to produce 

materials, structures, and processes:

(1) with superior performance?

(2) at minimal cost?

(3) with marginal energy input?

Your feedback is key!

Victoria.Chernow@hq.doe.gov


